Background-Negative effects of obesity on health-related quality of life (HRQoL) have been reported, especially in women, but the relative contribution of cardiometabolic and other obesity-related comorbidities to such effects remains unclear. Our objective was to model the association by sex between body mass index and HRQoL and to precisely quantify the indirect effects mediated by obesity-related comorbidities. Methods and Results-Data were drawn from the latest French Decennial Health Survey, a nationwide cross-sectional study conducted in 2003 (21 239 adults aged 25-64 years analyzed). HRQoL was measured by the 36-item short-form health survey questionnaire. A mediation analysis based on the counterfactual framework was performed to quantify the proportion of obesity effects on HRQoL mediated by related comorbidities, including cardiometabolic risk factors (diabetes mellitus, hypertension, dyslipidemia) and diseases (ischemic heart disease, cerebrovascular, and peripheral vascular disease), musculoskeletal disorders, and asthma. After multiple linear regression, inverse associations were found between increasing body mass index category and physically oriented and most mentally oriented 36-item shortform health survey dimensions, with evidence of greater effects in women. Mediation analysis revealed that obesity effects were significantly mediated by several comorbidities, more apparently in men (eg, proportion of obesity class II total effect mediated via cardiometabolic factors: general health 27.0% 
T he prevalence of obesity has increased dramatically over the last decades in many industrialized countries, such that they are experiencing what has often been referred to as an obesity epidemic. 1 Average body mass index (BMI) worldwide has increased by ≈0.5 kg/m 2 per decade since the 1980s, and an estimated 500 million adults were considered obese (BMI ≥30 kg/m 2 ) in 2008. 2 The trends in France are consistent with this general pattern, with an average relative increase in BMI of almost 6% per year since 1997 and a prevalence of obesity of 15% in 2009. 3 This rapid rise is a major public health concern because of the strong evidence for associations between excess body weight and increased mortality and morbidity. [4] [5] [6] The relationship between BMI and health-related quality of life (HRQoL) has been investigated in a variety of settings, including health centers for weight loss, general medicine practices, and population-based studies. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Most reports consistently show the following: (1) there is a J-or U-shaped relationship linking physical HRQoL and BMI, with higher risk for poorer HRQoL in the underweight and overweight/ with obesity subjects; (2) findings for psychosocial impairment are inconclusive and detect little or no effect; [7] [8] [9] [10] [11] 13, 19, 20 (3) physical, and to a lesser extent psychosocial, impairment is more severe in women than men. 7, 8, 11, 12, [21] [22] [23] There are few data available to explain the different consequences of obesity between the sexes because most analyses exploring the relationship between BMI and HRQoL account for sex as a confounder to adjust for and do not report stratified results. Among the various explanations that have been proposed, a higher discomfort caused by overweight has been observed in women, 24 and women have been found to develop body image dissatisfaction at higher rates compared with men. 25 Differences in prevalence and impact of obesityrelated medical comorbidities have also been suggested, such as cardiovascular and metabolic risk factors and diseases which are frequently associated with obesity. 6 However, it remains unclear as to how those comorbidities could operate as intermediate factors-or mediatorsrather than merely as confounders in a pathway linking obesity to HRQoL. There have been few analyses stratified by sex, 22, 23 and only one study addressed the issue of the potential role of comorbidities as mediators of obesity, but using simple self-rated health measures (and not multidimensional HRQoL scales) and based on classic mediation analysis that do not account for possible interactions between mediators and exposure. 9 It has also been suggested that the effects of obesity could vary with the cooccurrence of metabolic risk factors 14 or comorbidities, 20 but it remains uncertain whether this interaction could differ between the sexes. Consequently, the objective of this cross-sectional study conducted in a large French general adult population was to thoroughly explore sex-specific relationships between BMI and HRQoL by investigating the potential mediating effect of cardiometabolic and other obesity-related comorbidities and by examining whether they may modify the impact of obesity when present.
Methods

Study Population and Sampling
In 2003, the French National Institute of Statistics and Economic Studies conducted the latest Decennial Health Survey, a national multistage cross-sectional survey of households performed every decade. 26 During a first home visit, specifically trained interviewers collected sociodemographic, economic, and health-related data. All subjects were also given a 36-item short-form health survey (SF-36) questionnaire, which was collected during a subsequent visit 2 months later. All individuals in the households selected were included in the survey, but we only considered subjects aged 25 to 64 years for the present analysis because a low prevalence of chronic diseases was expected among younger subjects, and there is a possibility of selection bias associated with older subjects (those still alive). The protocol was consistent with the principles of the Declaration of Helsinki (World Medical Association), and all participants gave their informed consent.
Data Collected
Outcome: The 36-Item Short-Form Health Survey
The SF-36 is a validated, generic self-reported questionnaire which has been widely used in population-based studies from various countries. 27 The French SF-36 version was developed and validated as part of the International Quality of Life Assessment project. 28 It comprises 36 items assessing 8 HRQoL dimensions, covering physical functioning (PF), physical role (RP), bodily pain (BP), general health (GH), vitality (VT), social functioning (SF), emotional role (RE), and mental health (MH). All dimensions were analyzed as age-and sex-adjusted standardized scores (expressed as standard deviations [SD]) using the French general population reference values for age and sex. Individual rather than summary components that aggregate subscales (Physical and Mental Component Summary) were used to reveal more targeted information; the use of summary components may result in certain relationships being concealed.
Exposure: BMI
We used self-reported height and weight to compute the BMI. According to the World Health Organization thresholds, 29 individuals were further classified as underweight (BMI<18.5 kg/m 2 ), normal weight (18.5≤BMI<25), overweight (25≤BMI≤30), obesity class I (30<BMI≤35), and obesity class II and above (BMI>35).
Obesity-Related Comorbidities
Participants were asked to self-report their health problems and chronic conditions, which were then coded into the international classification of diseases, 10th revision. The following obesityrelated conditions, known for their association with overweight and obesity, 6, 30 were considered in this study: cardiometabolic factors, including risk factors (hypertension, hyperlipidemia-hypercholesterolemia and hypertriglyceridemia-and type II diabetes mellitus) and cardiovascular diseases (ischemic heart disease, cerebrovascular disease, and peripheral vascular disease), asthma, and musculoskeletal disorders (ostheoarthritis of the lower limbs and sciatica).
Other Data Collected
This health survey also covered demographic, socioeconomic, and health-related behavior variables, including age, sex, highest educational level achieved (no diploma/primary school, secondary, lower tertiary, and upper tertiary level), marital status (married/living with partner, single, divorced/widowed), regular smoking (≥1 cigarette/d), and risk of alcoholism according to the Cut-down, Annoyed, Guilty, Eye-opener (CAGE) questionnaire (≥2 indicating a higher risk of alcohol dependence).
31,32
Statistical Analysis
All analyses were stratified by sex to account for the previously reported sex differences (see Introduction). Results are presented as means (±SD) for continuous data and percentages for categorical data. Chi-square tests and analysis of variance were used for univariate comparisons across the 5 defined BMI categories.
To scrutinize the contribution of comorbidities to the BMIHRQoL relationship, we considered the conceptual framework presented in Figure 1 . BMI was hypothesized to affect HRQoL both directly and indirectly through 3 main pathways, in which obesityrelated comorbidities operate as intermediate factors (mediators), at least partially caused by overweight/obesity. In addition, interactions between comorbidities and BMI categories were assessed and accounted for, corresponding to the situation where the presence of obesity-related comorbidities may influence (moderate) the relationship between obesity and HRQoL, either by reinforcing or mitigating its effect. To test these assumptions, 2 complementary approaches were used.
First, a naïve informal approach to mediation was used. Sequential multivariable linear regression models of HRQoL on BMI analyzed as a continuous variable were built, using polynomials of 2 to 4 degree and following a 2-step adjustment strategy, by adjusting for age, socioeconomic variables, and health-related behaviors (model 1)
WHAT IS KNOWN
• Negative effects of obesity on health-related quality of life have been previously reported, but less is known about the relative indirect contribution of obesity-related comorbidities and its variation by sex.
WHAT THIS STUDY ADDS
• Women suffer a greater overall impact of obesity on health-related quality of life, but with proportionally lower effects mediated by obesity-related conditions.
• Factors other than comorbidities may mediate the effects of obesity on health-related quality of life, especially in women, possibly involving complex psychosocial processes.
and subsequently further adjusting for obesity-related comorbidities (model 2). Decreasing associations between BMI and HRQoL were expected after inclusion of comorbidities, suggesting the potential mediating role of comorbidities. The results are presented as graphs of fitted curves (continous BMI). Second, we performed a formal mediation analysis on all SF-36 subscales to decompose the total effect of BMI on HRQoL into a direct effect and an indirect effect mediated by obesity-related comorbidities. We used methods based on the counterfactual framework from the causal inference literature 33, 34 that extend classic mediation approaches 35 to nonlinear models (eg, when the mediator is binary, like the presence/absence of a comorbidity) and situations in which there is an interaction between the exposure and the mediator in their effects on the outcome 33, 34 (eg, when the effect of obesity is worsened by comorbidities 14 ). Obesity-related comorbidities were assessed as binary variables (asthma, muskuloskeletal disorder) or as the count of comorbidities (cardiometabolic factors, total count of obesityrelated conditions). Interactions were tested between the BMI and comorbidities in their effects on HRQoL and taken into account when significant. The following confounders potentially associated with BMI, comorbidities, and HRQoL were systematically entered into the models: age, tobacco and alcohol consumption, and socioeconomic features, such as education level, income, and marital status. Supplemental methodological details are given in Appendix in the Data Supplement.
Mutiple imputation procedures using chained equations were used for handling missing data. 36 Tables I (men) and II (women) in the Data Supplement describe the characteristics of the subjects according to the missing data pattern observed: complete cases, subjects missing only ≥1 SF-36 subscale(s), subjects missing only ≥1 covariate(s), and subjects missing SF-36 subscale(s) and covariate(s). Significant differences were found between subgroups for several characteristics, although the magnitude of those differences generally stood within a limited range. Of particular note, subjects missing both SF-36 subscales and covariates demonstrated the lowest education level, income, and self-reported comorbidity rates. Several strategies based on 5 imputed data sets and stratification by sex were followed, including imputing covariates (BMI category, smoking/alcohol consumption, marital status) and HRQoL scores (N=21 239), imputing covariates only (N=15 631-16 204), and no imputation (complete case analysis; N=11 664). Multiple imputation and mediation analyses were primarily conducted based on unweighted data and then compared with analyses using weights provided with the Decennial Health Survey to adjust for survey design and calibrate for nonresponse. All methods yielded similar estimates without substantively different results; consequently, only results from the full imputation unweighted data set are reported here. Considering the mostly exploratory nature of this study, no power calculation had previously been performed, and no correction for multiple statistical comparisons was made. A 2-tailed P value of <0.05 was considered to be significant. All statistical analyses were performed using STATA statistical software (V12.1; StataCorp, TX, USA) and mediation analysis estimating natural direct and indirect effects was performed using the paramed program for Stata (Emsley RA, PhD, unpublished data, 2015), based on the mediation macro developed by Valeri and Vanderweele 37 and using bootstrap procedures with 200 replications to construct the 95% confidence intervals.
Results
Descriptive Results
Of the 30 544 subjects aged 18 to 84 years initially sampled, 21 239 were 25 to 64 years old and were included in the present study (10 305 men and 10 934 women). Tables 1 and 2 present the main characteristics of the individuals included, classified by BMI and stratified by sex. Most completion rates were >70% (from 71.3% to 78.5% for SF-36 subscales; 90.7% for BMI), to the exception of alcohol consumption (61.3% in women). Overall, all characteristics were significantly different between the BMI classes (except for the alcoholism risk assessed by the Cut-down, Annoyed, Guilty, Eye-opener (CAGE) questionnaire). In particular, education level was lower and comorbidity prevalence higher in the above-normal weight categories, and income lower in men, education level lower, and prevalence of smoking higher in the underweight category. For all SF-36 subscales, individuals in the normal weight BMI class had better scores than those who were in the underweight or obesity classes for both genders and than those who were overweight for women.
Sequential Regression Models
Results of the informal naïve mediation analysis using sequential multivariable linear regression models are shown in Figure 2 for physically oriented subscales (PF, RP, BP, and GH) and in Figure 3 for mentally oriented subscales (VT, SF, MH, and RE). Plotting predicted SF-36 scores against continuous BMI, associations between BMI and HRQoL generally followed an inverted J-shaped curve with a steeper decrease in men with BMI<20 and more apparently for PF and GH. In particular, a plateau without clear HRQoL decline was reached at high BMI values for the mentally oriented subscales and BP in men. Negative effects of obesity on HRQoL were more pronounced in women, in whom predicted curves were shifted to the left with maximal HRQoL levels at an approximate BMI of 20 (2) indirect effect via obesity-related chronic conditions; (3) moderation effects, whereby comorbidities modify the association between BMI and HRQoL. Cardiometabolic factors: risk factors (hypertension, diabetes mellitus, dyslipidemia) and diseases (ischemic heart disease, cerebrovascular disease, and peripheral vascular disease).
scores before and after adjusting for comorbidities, the predicted curves were visually slightly modified (flattened), indicating a possible mediation of the effect of increasing BMI through comorbidities.
Formal Mediation Analysis
The results of the multivariable mediation analysis are presented in Table 3 for physically oriented subscales (PF, RP, BP, and GH) and in Table 4 for mentally oriented subscales (VT, SF, MH, and RE). Adjusted estimations are given for the total and indirect effects mediated by the 3 comorbidity groups of interest and the total count of obesity-related comorbidities, as well as the percentage of total effects of BMI mediated through comorbidities. Significant total effects of obesity classes I and II were found in both sexes for all physically oriented domains, whereas contrasted results were identified for mentally oriented domains. Although the total effects of obesity categories were generally more marked in women, the indirect effects appeared to be of greater magnitude in men where higher portions of the total effect of obesity 
Discussion
Using data from a large population-based survey, the present study extends current knowledge about the consequences of obesity for HRQoL, by precisely quantifying the total and indirect effects mediated by obesity-related comorbidities and by demonstrating significant differences between the sexes in the strength of these effects. Mediation analyses revealed that the total effects of obesity were of greater magnitude for women than men, although moderate indirect effects through obesity-related comorbidities were identified and appeared to be more pronounced in men. Finally, various interaction terms between obesity classes and comorbidities were found to be significant, suggesting the existence of multiple obesity phenotypes depending on whether such comorbidities are present.
Sex Differences in Impact of Excess Weight on HRQoL
Clear associations were found in the present study between excess weight and decreased HRQoL relating to general health and physically oriented domains in both sexes (PF, RP, BP and GH), coherent with the findings described in the vast literature HRQoL indicates health-related quality of life. Values shown in bold are significant at the P<0.05 level. Results are standardized coefficients from linear regression models, showing the total and natural indirect effects attributed to the obesity-related conditions (mediators). Proportions of total effects mediated (%) are given when statistically significant total and indirect effects are found. All models are adjusted on age, marital status, education level, income, tobacco, and alcohol consumption.
*Cardiometabolic risk factors (hypertension, diabetes mellitus, and dyslipidemia) and diseases (ischemic heart disease, cerebrovascular disease, and peripheral vascular disease). †Significant mediator-exposure interaction. HRQoL indicates health-related quality of life. Values shown in bold are significant at the P<0.05 level. Results are standardized coefficients from linear regression models, showing the total and indirect effects attributed to the obesity-related conditions (mediators). Proportions of total effects mediated (%) are given when statistically significant total and indirect effects are found. All models are adjusted on age, marital status, education level, income, tobacco, and alcohol consumption.
*Cardiometabolic risk factors (hypertension, diabetes mellitus, and dyslipidemia) and diseases (ischemic heart disease, cerebrovascular disease, and peripheral vascular disease). †Significant mediator-exposure interaction.
on this topic. [8] [9] [10] [11] [12] [13] [14] [15] [16] These associations possibly have multiple causes, including the higher prevalence of comorbidities, limited physical and daily life activities, or increased joint pain in the population with obesity. The approach followed in the present study allowed the identification of a clear shift to the left of predicted curves for PF and GH in women, indicating a larger effect of excess weight on physical and general domains of HRQoL. Several studies have reported evidence for lower HRQoL scores in women for PF. 7, 8, 11, 21, 22 Previous studies have yielded heterogeneous findings regarding the relationship between excess weight and psychosocial functioning: some report no or limited effect, 7, 13, [18] [19] [20] [21] some negative effects, [9] [10] [11] and others positive effects in men 8, 22 or in patients with class I obesity. 38 Complex links between weight, psychosociological factors, and psychiatric illness have been described. 39, 40 Our analyses show that the results for the mental health subscale differ strongly between men and women. A clear progressive negative effect of excess weight was evidenced in women, whereas a plateau was reached in men. Negative effects were found in both sexes for the other mentally oriented domains (VT, SF, RE) but to a substantially larger extent in women.
The interpretation of such sex differences is controversial, and multiple intricate factors are probably involved. Higher prevalence rates have been observed in women with excess weight for some diseases or symptoms that significantly affect PF (eg, osteoarthritis, low back pain, and respiratory symptoms). 6 However, adequately addressing this issue requires a precise quantification of the contribution of comorbidity to the physical or mental functioning impairment associated with obesity. Available informative data remain limited because previous studies either did not stratify on sex or modeled medical comorbidity as a mere confounder to adjust for rather than as a potential mediator of the obesity-HRQoL relation. 12, 13, 20, 22, 23 
Sex Differences in Indirect Effects via Comorbidity
By contrast, we used formal mediation analysis and found moderate but significant indirect effects through cardiometabolic risk factors and diseases and, to a lesser extent, via other obesity-related conditions (musculoskeletal disorders and asthma). This is consistent with findings from the few previous studies that were based on sequential modeling or classical mediation approaches. 7, 9 These indirect effects differed between sexes: although total effects of overweight/obesity classes were generally more marked in women, the indirect effects through obesity-related conditions were greater in men, both in absolute values and proportionally to the level of total effects. These findings have important clinical significance because they indicate that other processes might operate independently of the existence of comorbidity. Such mechanisms could relate to a putatively greater susceptibility of women to body image dissatisfaction, 22 ,25 a distorded perceived weight status, 41 a greater weight self-stigma, 42 or a higher perception of health risk relating to overweight 43 ; all these phenomena could at least partially mediate the effect of obesity on both physical and mental HRQoL. These results have particular resonance in the current sociocultural context of women in western countries, where a differentiated impact of obesity on quality of life and emotional well-being may be expected between women and men. Current society still values physical attractiveness and thinness, particularly in women, and thus contributes in increasing stigmatization of obesity. Combined with a perceived general societal pressure toward ideal body shape, 44 those elements may expose women to higher risk of experiencing low self-esteem, negative body image, and depression. 23 
Other Results
Of note, our analysis identified several significant interactions between obesity and comorbidities which, when present, revealed or exacerbated existing negative effects of obesity on HRQoL. Specifically, the negative effect of obesity on the RP domain was worsened in presence of cardiometabolic factors in men, consistent with previous studies that found an exacerbation of the impact of obesity on PF 20, 45 and HRQoL utility measures 14 in the presence of metabolic risk factors. This is also consistent with the previous observation that some individuals with obesity present no metabolic risk factor and have no increased risk of cardiovascular disease, leading to the concept of metabolically healthy obesity. 46 However, our findings relating to PF imply that such profiles should actually be referred to as less unhealthy obesity. Interestingly and in line with the concept of jolly fat, 47 significant interactions were also found in men for mentally oriented HRQoL domains (SF, RE), thus revealing distinct profiles according to the presence (altered scores) or absence (not or less altered scores) of cardiometabolic factors.
Our findings also raise questions about the use of standard unisex BMI categories when assessing complex perceived health measures, such as HRQoL. As in the present work, modeling the BMI as a continuous variable may improve the description of its relationship with HRQoL; however, there has been only a handful of studies that have used this approach. 12, 13 BMI in itself has been criticized as a measure of adiposity because it has been shown to depend on age or ethnicity and may underestimate the level of adiposity in women comparatively to men, 5, 48 thus probably contributing to, at least part of, the horizontal shift we observed in predicted curves. Other proposed measures including waist circumference 23 and waist-to-hip ratio may be better predictors of the adverse health outcomes associated with obesity but are more difficult to collect in epidemiological studies.
Strengths and Limits
Among the strengths of our study are its large sample size, the high response rates for a population-based context, the handling of missing data by multiple imputation, and the originality of the analysis based both on continuous and categorical BMI, sex stratification, and mediation models; this contrasts with most previous studies that used only obesity classes 7, 11, 22 or presented results without any stratification on sex. 9, 13, 20 Our study nevertheless has several limitations. First, most of the data collected were self-reported and could therefore lead to a misclassification bias. Declarative height and weight tend to be misestimated, generally leading to a lower BMI and thus an underestimation of overweight and obesity prevalence and possibly to attenuated relationships in our study. 49 Also, although information regarding comorbidities was collected by trained interviewers, there may have been misclassifications because of self-report, and the severity of each condition was not available in the data set. Second, it was assumed that there was no unmeasured confounding for the associations between BMI, HRQoL, and comorbidities and that there was no mediator-outcome confounders affected by the exposure (BMI), in accordance with the prerequisites of mediation analysis for assessing natural direct and indirect effects. 37 Although we addressed many relevant confounders known for their associations with HRQoL, some variables not available in our data set-for example, physical activity-may still have confounded the relationships observed. Regarding the latter assumption, our study was limited by its cross-sectional nature, and a reverse causation could not be ruled out for the associations hypothesized between obesity, comorbidities, and health-related behaviors. The intricate relationships between cardiometabolic risk factors and diseases also precluded the separate estimation of indirect effects for each of those comorbidities. Doing so would have required for each mediator to adjust for other cardiometabolic factors as potential confounders, and because we hypothesized these factors were affected by BMI as well, the assumption of no exposure-induced mediator-outcome confounder would have been violated. Because of this methodological issue, we consequently assessed cardiometabolic factors as a whole to estimate their global mediating role on HRQoL. Third, the present study focused on sex differences and the role of comorbidities, but other relationships of interest may have been overlooked, including the possible modifying effect of age on the associations between obesity and HRQoL. 11 Because our findings stem from a singlecountry survey, those might not be fully generalizable to other cultural contexts. Another limit is a possible model misspecification because of the switching from a polynomial modeling in informal mediation analysis to a simpler but more applicable categorical coding for the formal mediation analysis. Finally, our findings should be interpreted with full consideration of the exploratory nature of the analyses and thus should be confirmed within other large prospective cohorts.
Conclusions
In conclusion, our findings demonstrate noticeable sex differences both in the total effects of overweight and obesity on HRQoL and in the indirect effects through cardiometabolic and other obesity-related conditions. These differences are consistent with the observation that women suffer a greater burden of excess weight, and this is only marginally because of the associated medical conditions and rather may involve the interplay of complex psychosocial processes. These results argue that further research is required to stratify on sex systematically and to analyze thoroughly the relevant psychosocial factors as potential mediators. A better understanding of the mechanisms at play will help in the design of more targeted and appropriate interventions, especially in women, with the aim of decreasing the detrimental HRQoL effects associated with obesity.
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